Introduction
============

Carotid restenosis has been associated with an increased risk of ischaemic stroke and with increasing morbidity and mortality ([@b1-mmr-22-04-3396],[@b2-mmr-22-04-3396]). Studies investigating the pathogenesis of carotid restenosis are vital for the development of novel prevention and treatment strategies. Abnormal proliferation and migration of vascular smooth muscle cells (VSMCs) is a common pathogenetic factor in carotid artery stenosis. Inhibition of the hypertrophy of VSMCs might be an effective method for treatment of carotid artery stenosis.

Docosahexaenoic acid (DHA) is an important component of fish oil, which is generally used in the prevention of cardiovascular disease ([@b3-mmr-22-04-3396]). A number of previous studies demonstrated the anti-inflammatory and lipid-regulating effects of DHA in cardiovascular disease ([@b4-mmr-22-04-3396],[@b5-mmr-22-04-3396]). The mechanism underlying the DHA protective effect in cardiovascular diseases requires additional investigation. DHA has been demonstrated to regulate the VSMC cycle by stimulating apoptosis, and by inhibiting proliferation and migration ([@b6-mmr-22-04-3396],[@b7-mmr-22-04-3396]). In another previous study, the beneficial effect of DHA on the migration of VSMCs was partially dependent on the regulation of matrix metalloproteinase (MMP)-2 and MMP-9 ([@b8-mmr-22-04-3396]). Moreover, DHA could increase nitric oxide (NO) production through activation of the p44/p42/MAPK signalling in VSMCs ([@b6-mmr-22-04-3396]). Another mechanism of the protective effect of DHA involves regulation of VSMC proliferation through the inhibition of phosphorylation of the cyclin- dependent kinase 2/cyclin E complex ([@b9-mmr-22-04-3396]). However, the mechanism underlying the inhibitory effect of DHA on the proliferation and migration of VSMCs requires further investigation.

The protective mechanism of DHA in vascular pathology has been partially elucidated, which suggested that biological changes were predominantly caused by an abnormal expression of genes involved in proliferation, migration, cell cycle and apoptosis ([@b10-mmr-22-04-3396]--[@b13-mmr-22-04-3396]). Moreover, several previous studies have reported that non-coding RNAs, including microRNAs, regulate these biological processes. For instance, microRNA-155 is a multifunctional non-coding RNA which regulates the pathological processes involved in cardiovascular disease ([@b14-mmr-22-04-3396]). Indeed, microRNA-155 participates in the regulation of haematopoietic lineage differentiation, vascular remodelling, viral infection and inflammation ([@b15-mmr-22-04-3396]--[@b18-mmr-22-04-3396]). Genetic deficiency of microRNA-155 in cardiomyocytes prevents cardiac hypertrophy and failure ([@b19-mmr-22-04-3396]). Furthermore, mircroRNA-155 has been shown to act as a tumour suppressor and an oncogene in a various cancer types ([@b20-mmr-22-04-3396],[@b21-mmr-22-04-3396]). MicroRNA-155 can regulate glucose usage through the PIK3R1-PDK/AKT-FOXO3a-cMYC axis, according to a previous study on 50 triple-negative breast cancer specimens ([@b22-mmr-22-04-3396]). However, it is unclear whether microRNA-155 can modulate the VSMC phenotype, or participate in the protective effect of DHA in carotid restenosis.

In the present study, DHA had an inhibitory effect on the proliferation and migration of VSMCs, which was mediated by regulation of miR-155 expression. The present results could be applied in the clinical prevention of carotid restenosis. In addition, the present study identified a positive effect of microRNA-155 on the proliferation and migration of VSMCs, in agreement with previous studies ([@b23-mmr-22-04-3396],[@b24-mmr-22-04-3396]). The phenotype changes of the DHA-stimulated VSMCs were reversed by inhibiting the expression of microRNA-155. Overall, these effects may involve regulation of the miR-155 target gene suppressor of cytokine signalling 1 (Socs1).

Materials and methods
=====================

### Cell culture

VSMCs were isolated from the aorta of 8-week-old male Wistar rats (180--270 g) (Vital River), according to a previously published protocol ([@b8-mmr-22-04-3396]). The Ethics Committee of Hwa Mei Hospital, University of Chinese Academy of Sciences (Ningbo No. 2 Hospital) approved the present study. Rats were housed at 20--25°C with a 12 h light/dark cycle and free access to food and water. Briefly, adventitia was quickly removed from a sacrificed rat for enzymatic digestion after removing the fat tissue and mechanically extruding the media. Cells were cultured in DMEM, supplemented with 10% FBS (both Gibco; Thermo Fisher Scientific, Inc.) and 100 U/ml penicillin and 0.1 mg/ml streptomycin antibiotics. All cultured cells were maintained at 37°C in a humidified 5% CO~2~ incubator. The cells were passaged 3--7 times before performing the experiments. The cell type and the maintenance of the differentiated state were confirmed by the presence of a well-structured network of actin stress fibres, according to the immunochemistry data (data not shown).

### MicroRNA transfection

The microRNA-155 mimics, mimics negative control, microRNA-155 inhibitors and inhibitor negative control were obtained from Guangzhou RiboBio Co., Ltd. (sequences not available). VSMCs were seeded into 6-well cell culture plates at density of 5×10^6^ cells per well prior to transfection. Following a 20-h incubation, cells were transfected with miRNA at final concentration of 50 nM using Lipofectamine^®^ 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions. After a 6-h incubation with miRNAs, the medium was changed to fresh complete medium. Transfected cells were grown for 24 h prior to subsequent experiments.

### RNA isolation and reverse transcription-quantitative PCR (RT-qPCR)

VSMCs were treated with 50 µM DHA (Sigma-Aldrich; Merck KGaA) for 2 h, then cells were transfected with microRNA-155 mimics and inhibitors before harvesting for RNA isolation. VSMCs were centrifuged at 4°C with 700 × g for 5 min for harvesting after cells were transfected for 24 h. RNA was extracted using TRIzol^®^ (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. The concentration, purity and integrity of the RNA were measured using an ultraviolet spectrophotometer, as well as 0.8% agarose gel electrophoresis. Reverse transcription was performed using an RT kit (MicroRNA Reverse Transcription kit; Applied Biosystems; Thermo Fisher Scientific, Inc.) with 1 µg total RNA. The RT conditions were as follows: 25°C for 10 min, 37°C for 120 min, and 85°C for 5 min. The PCR primer sequences for miR-155 were: Forward, 5′-CTGTTAATGCTAATCGTGATAG-3′ and reverse, 5′-GCAGGGTCCGAGGT-3′. The PCR primer sequences for Socs1 were 5′-CTGCGGCTTCTATTGGGGAC-3′ and 5′-AAAAGGCAGTCGAAGGTCTCG-3′. The PCR primers of snoRNA U6 (internal control) were: Forward, 5′-GCGCGTCGTGAAGCGTTC-3′ and reverse, 5′-GTGCAGGGTCCGAGGT-3′. The PCR primers of GAPDH (internal control) were: Forward, 5′-CGGAGTCAACGGATTTGGTCGTAT-3′ and reverse, 5′-AGCCTTCTCCATGGTGGTGAAGAC-3′. The fluorophore was SYBR Green (Roche Applied Science). The real-time PCR conditions were as follows: 95°C for 10 min, 60°C for 10 sec, 72°C for 30 sec (40 cycles) and 4°C for 5 min. The real-time PCR amplification scheme was performed according to the manufacturer\'s instructions (Roche Applied Science). The concentration of microRNAs were calculated by the 2^−ΔΔCq^ method ([@b25-mmr-22-04-3396]).

### Cell viability

After the VSMCs were transfected with the miR-155 mimics and inhibitors, the VSCMs were grown in 96-well cell culture plates at 5×10^5^ cells per well. The VSMCs were then harvested and kept in the same medium for the detection of proliferation, following standard culture for 24, 48 or 72 h. Cell proliferation was assessed using a Cell Counting Kit-8 (CCK-8) assay (Abcam). All procedures were performed according to the manufacturer\'s protocol. Absorbance was detected using a microplate reader at 450 nm.

### Wound healing assay

VSMCs were treated with 50 µM DHA and transfected with microRNA-155 mimics and inhibitors before evaluating their migration in the wound heal assay. After transfection for 6 h, a sterile 10-µl white tip was used to draw a straight line across the 3.5 cm dish, with the tip on the bottom of the plate, and the growth medium was replaced with serum-free medium. At this time point, 0 h, images were recorded using a light microscope (magnification, ×40). Subsequently, microscopic images were recorded at 24 and 48 h after wounding.

### Luciferase reporter assay

Socs1, the target gene of microRNA-155, was predicted by inputting the microRNA sequence in TargetScan web ([targetscan.org/](targetscan.org/)). The Socs1-3′ untranslated region (UTR) DNA fragment, including the putative microRNA-155 binding sequence, was cloned into the PGL3-basic (Promega Corporation) (hereafter referred to as PGL3/Socs1-3′UTR). Additionally, a mutant Socs1-3′UTR plasmid was constructed by mutating the miR-155 binding sequence (referred to as PGL3/Socs1-3′UTR mutant thereafter). VSMCs were plated in a 24-well plate at 1×10^5^ cells per well before transfection using Lipofectamine 3000) (Thermo Fisher Scientific, Inc.). Each transfection contained the vector DNA and pRL-SV40 plasmid. The pGL3-basic vector was used as a negative control. PRL-TK (Promega Corporation) was used as the internal control. Luciferase assays were performed 48 h after transfection, and independent experiments were repeated three times for each plasmid construct according to the manufacturer\'s protocol (Promega Corporation). The luciferase activity was measured via fluorescence spectrophotometer (Luminex Corporation). The ratio between luciferase activity and *Renilla* luciferase activity represented the value of measured sample.

### Western blotting

VSMCs were treated with 50 µM DHA and transfected with the microRNA-155 mimics and inhibitors before harvesting for protein isolation. Proteins were isolated in the protein extraction buffer (Beyotime Institute of Biotechnology). The protein concentration was measured by BCA method. Protein samples (20 µg/lane) were separated by SDS-PAGE on 10% gels and transferred to a nitrocellulose membrane. The membranes were incubated with 5% fat-free milk in TBS with Tween^®^ 20 for 1 h at room temperature and with primary antibodies overnight at 4°C. The PVDF membranes were washed with TBST buffer and incubated with peroxidase-conjugated specific secondary antibodies from Abcam \[Ki67 (1:5,000; cat. no. ab15580), Socs1 (1:4,000; cat. no. ab62584) and actin (1:3,000; cat. no. ab6276)\] with shaking for 1 h. The enhanced chemiluminescence solution (Sigma-Aldrich; Merck KGaA) was the prepared in a dark room, and the exposure time of the film was determined according to the chemiluminescence intensity. Densitometric analysis was performed using Image Lab software (version 3.0; Bio-Rad Laboratories, Inc.).

### Statistical analysis

Results are presented as the mean ± standard deviation of three replicate experiments. For multiple comparisons, statistical analysis was conducted using ANOVA, followed by Sidak\'s post hoc test. A Student\'s t-test was used for statistical analysis of two groups. All the experiments were repeated at least for three times. P\<0.05 was considered to indicate a statistically significant difference. IBM SPSS Statistics software (version 21.0; IBM Corp.) was used to perform all the statistical analyses.

Results
=======

### DHA inhibits the proliferation and migration of VSMCs

VSMCs were stimulated with 50 µM DHA to evaluate its effects on proliferation and migration. VSMC proliferation following DHA treatment was evaluated using the CCK-8 assay and by measuring the Ki-67 protein levels ([Fig. 1A and B](#f1-mmr-22-04-3396){ref-type="fig"}). The proliferation of VSMCs treated with DHA for 48 h was significantly decreased, compared with untreated cells ([Fig. 1A](#f1-mmr-22-04-3396){ref-type="fig"}). The effect of DHA on VSMC migration was then assessed, using a wound healing assay. The migration of VSMCs treated with DHA was also decreased, compared with untreated cells ([Fig. 1C-E](#f1-mmr-22-04-3396){ref-type="fig"}).

### Expression levels of microRNA-155 are decreased in DHA-stimulated VSMCs

MicroRNA-155 can regulate the immune response and development of T cells ([@b26-mmr-22-04-3396],[@b27-mmr-22-04-3396]). In order to determine whether microRNA-155 might participate in the regulation of the biological activities of VSMCs, the expression levels of microRNA-155 in DHA-stimulated VSMCs were measured using RT-qPCR. The expression levels of microRNA-155 were significantly decreased in DHA-treated cells, compared with untreated cells ([Fig. 1F](#f1-mmr-22-04-3396){ref-type="fig"}).

### MicroRNA-155 regulates the proliferation and migration of VSMCs

The role of miR-155 in the regulation of VSMC proliferation and migration was also investigated. The proliferation of VSMCs transfected with miR-155 mimic ([Fig. 2A](#f2-mmr-22-04-3396){ref-type="fig"}) and microRNA-155-inhibitor ([Fig. 2G](#f2-mmr-22-04-3396){ref-type="fig"}) was evaluated using a CCK-8 assay and by measuring the protein levels of Ki-67. The proliferation of VSMCs was increased by the microRNA-155 mimic ([Fig. 2B-D](#f2-mmr-22-04-3396){ref-type="fig"}). Conversely, the proliferation of VSMCs transfected with the microRNA-155 inhibitor was significantly decreased ([Fig. 2H-J](#f2-mmr-22-04-3396){ref-type="fig"}). These results demonstrated that microRNA-155 can regulate the proliferation of VSMCs. The potential effect of microRNA-155 on VSMC migration was then assessed. After confirming the efficiency of overexpression and interference by RT-qPCR ([Fig. 2A and G](#f2-mmr-22-04-3396){ref-type="fig"}), the migration of VSMCs was evaluated using a wound healing assay. The migration of VSMCs was increased following microRNA-155 overexpression ([Fig. 2E and F](#f2-mmr-22-04-3396){ref-type="fig"}) and was decreased following transfection of microRNA-155-inhibitor ([Fig. 2K and L](#f2-mmr-22-04-3396){ref-type="fig"}). These results suggested that microRNA-155 can regulate the migration potential of VSMCs.

### Restoration of the expression level of microRNA-155 partially reverses the inhibition of VSMC proliferation and migration

MicroRNA-155 plays an essential role in the regulation of VSMC proliferation and migration ([@b7-mmr-22-04-3396]). In order to investigate whether a decrease in proliferation and migration in the DHA-stimulated VSMCs was caused by microRNA-155 downregulation, VSMCs were transfected with microRNA-155 mimic, then treated with DHA (50 µM). The proliferation of VSMCs was analysed using a CCK-8 assay and measurement of Ki-67 protein levels. The inhibition of VSMC proliferation was partially reversed by microRNA-155 overexpression ([Fig. 3A-C](#f3-mmr-22-04-3396){ref-type="fig"}). In agreement with this, the migration of DHA-stimulated VSMCs was also reversed according to the wound healing assay ([Fig. 3D and E](#f3-mmr-22-04-3396){ref-type="fig"}). Thus, overexpression of microRNA-155 restored the proliferation and migration of DHA-stimulated VSMCs.

### Socs1 is the target gene of microRNA-155 in VSMCs

Identification of the target gene of microRNA-155 is important for understanding the biological functions of microRNA-155, and is required to investigate a possible mechanism of the regulatory effects of microRNA-155 on VSMC proliferation and migration. According to the target gene prediction data generated by TargetScan ([targetscan.org/](targetscan.org/)), Socs1 was a candidate target based on a study in macrophages ([@b28-mmr-22-04-3396]). Socs1 is a suppressor of cytokine signalling, which is required for cell growth and survival ([@b28-mmr-22-04-3396]). The mRNA levels of Socs1 were significantly increased following transfection with the microRNA-155-mimics, compared with the control ([Fig. 4A](#f4-mmr-22-04-3396){ref-type="fig"}). By contrast, the expression of Socs1 was increased in the absence of microRNA-155 ([Fig. 4B](#f4-mmr-22-04-3396){ref-type="fig"}). In order to find direct evidence for the interaction between Socs1 and microRNA-155, a luciferase plasmid containing the Socs1 gene 3′UTR (PGL3/Socs1-3′UTR) was constructed. Transfection of the microRNA-155-mimic significantly suppressed the luciferase activity of PGL3/Socs1-3′UTR ([Fig. 4C](#f4-mmr-22-04-3396){ref-type="fig"}) but had no effect on the PGL3/Socs1-3′UTR mutant plasmid ([Fig. 4D](#f4-mmr-22-04-3396){ref-type="fig"}), suggesting that Socs1 is the direct target gene of microRNA-155. In order to demonstrate that Socs1 is regulated by DHA through microRNA-155, the expression levels of Socs1 were measured in DHA-stimulated VSMCs. Both the protein and mRNA levels of Socs1 were increased following DHA stimulation ([Fig. 4E-G](#f4-mmr-22-04-3396){ref-type="fig"}).

Discussion
==========

In the present study, the protective mechanism of DHA in the inhibition of VSMC proliferation and migration was investigated. Previous studies on the protective effect of DHA in cardiovascular diseases focused on changes in gene expression ([@b29-mmr-22-04-3396],[@b30-mmr-22-04-3396]). The present study demonstrated that the inhibitory effect of DHA on the proliferation and migration of VSMCs is mediated by microRNA-155 downregulation. MicroRNA-155 is a multifunctional non-coding RNA that plays an important role in the pathogenesis of carotid restenosis ([@b31-mmr-22-04-3396]). However, the Socs1 target gene of microRNA-155 can regulate various signalling pathways, which may contribute to the function of microRNA-155 in the regulation of VSMC proliferation and migration.

A recent study demonstrated that low DHA levels were significantly associated with lipid-rich coronary and carotid plaques, yet the mechanism of DHA in the stabilization of carotid plaque and its beneficial effects in patients with carotid restenosis require additional investigation ([@b32-mmr-22-04-3396]). DHA is an important component of ω-3 fatty acids, which can enhance Gefitinib sensitivity and induce apoptosis in PC-9/GR cells ([@b33-mmr-22-04-3396]). According to nutritional statistical data, low levels of ω-3 fatty acids are associated with cerebral small vessel diseases, hypertension, cardiovascular dysfunction and acute ischaemic stroke ([@b34-mmr-22-04-3396],[@b35-mmr-22-04-3396]). The present study focused on the protective function of DHA in carotid restenosis by evaluating its effect on VSMC hyperplasia through the regulation of proliferation and migration.

MicroRNA-155 is one of the most multifunctional non-coding RNAs, and it participates in the regulation of numerous biological functions in various cell types, including cells of the immune system ([@b36-mmr-22-04-3396]). In the present study, microRNA-155 regulated the proliferation and migration of VSMCs, possibly through its target gene, Socs1. As a multifunctional microRNA, microRNA-155 could also participate in other biological processes. Numerous previous studies have been published on the function of microRNA-155 and the mechanisms underlying its effects ([@b36-mmr-22-04-3396]--[@b38-mmr-22-04-3396]). MicroRNA-155 could inhibit apoptosis by regulating PTEN signalling in psoriasis ([@b37-mmr-22-04-3396]). The function of microRNA-155 in cardiac hypertrophy was demonstrated in a mouse model, suggesting that loss of microRNA-155 expression might prevent the progression of heart failure ([@b38-mmr-22-04-3396]). In cancer cells, microRNA-155 deficiency can prevent tumour growth by enhancing the function and recruitment of tumour suppressor cells in the tumour micro-environment ([@b39-mmr-22-04-3396]). The function of microRNA-155 is mediated by regulation of a series of signalling pathways. In fibrosis, microRNA-155 was strongly associated with the activation of Wnt/β-catenin signalling ([@b40-mmr-22-04-3396]). Moreover, a previous study demonstrated that the immunoregulatory function of microRNA-155 was mediated by the negative regulation of Akt and Stat5 signalling ([@b41-mmr-22-04-3396]). Socs1 is not the only known target gene of microRNA-155 ([@b42-mmr-22-04-3396]); various signalling pathways regulated by microRNA-155 may contribute to the phenotype of DHA-stimulated VSMCs. The present study predominantly focused on the mechanism of microRNA-155 regulation of cell proliferation and migration.

Socs1 is an important target gene of microRNA-155 according to numerous previous studies ([@b43-mmr-22-04-3396],[@b44-mmr-22-04-3396]). However, its functions in microvascular endothelial cells and VSMCs remain poorly studied. Several previous studies focused on the regulatory role of Socs1 in the immune system; for instance, Socs1 was demonstrated to be involved in the inflammatory response in atherogenesis ([@b45-mmr-22-04-3396],[@b46-mmr-22-04-3396]). In cancer cells, the Socs1 gene acts a tumour suppressor and is frequently silenced by hypermethylation of the promoter ([@b47-mmr-22-04-3396]). Socs1 tumour suppressor activity is mediated by enhancing p53 tumour suppressor activity and by inhibiting the Met receptor ([@b47-mmr-22-04-3396]). In the present study, Socs1 expression levels were increased in DHA-stimulated VSMCs, suggesting that it may serve a role in the proliferation and migration of VSMCs. However, the underlying mechanism requires further investigation, and the function of Socs1 in VSMCs still requires extensive evaluation.

In conclusion, the present study demonstrated that DHA could inhibit the proliferation and migration of VSMCs, which may be a possible mechanism for the protective effect of DHA in carotid restenosis. To the best of our knowledge, the present study is the first to indicate that changes in microRNA expression may influence the activity of VSMCs. The function of microRNA-155 might be varied in different cell types. Further studies and experiments are required, and should focus on functional studies of microRNA-155 in vascular disease.
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![DHA inhibits the proliferation and migration of VSMCs. VSMCs were treated with 50 µM DHA then harvested for the assessment of proliferation and migration. (A) Proliferation of VSMCs treated with DHA was evaluated using a Cell Counting Kit-8 assay. (B) Proliferation of DHA-treated VSMCs was evaluated by the Ki-67 protein level. (C) Densitometry analysis of the relative protein levels of Ki-67. (D) Migration of VSMCs treated with DHA was evaluated using a wound healing assay (magnification, ×100). (E) Statistical analysis of migration of VSMCs treated with DHA. (F) Relative expression level of microRNA-155 was analysed by reverse transcription-quantitative PCR. \*\*P\<0.01 vs. respective control. VSMCs, vascular smooth muscle cells; DHA, docosahexaenoic acid.](MMR-22-04-3396-g00){#f1-mmr-22-04-3396}

![MicroRNA-155 regulates the proliferation and migration of VSMCs. VSMCs were transfected with microRNA-155 mimics and inhibitors. (A) Efficiency of miR-155-mimics transfection was evaluated by RT-qPCR. (B) Proliferation of miR-155-mimics-transfected cells was evaluated using a CCK-8 assay. (C) Proliferation of miR-155 mimics-transfected cells was evaluated by measuring Ki-67 protein levels. (D) Densitometry analysis of the relative protein levels of Ki-67. (E) Migration of VSMCs transfected with miR-155-mimic was evaluated using a wound healing assay (magnification. ×100). (F) Statistical analysis of the migration potential of VSMCs transfected with miR-155-mimic. (G) Effect of miR-155-inhibitor was evaluated by RT-qPCR. (H) Proliferation of miR-155 inhibitor-transfected cells was evaluated using a CCK-8 assay. (I) Proliferation of miR-155-inhibitor-transfected cells was evaluated by measuring Ki-67 protein levels. (J) Densitometry analysis of the relative protein levels of Ki-67. (K) Migration of VSMCs transfected with miR-155-inhibitor was evaluated using a wound healing assay. (L) Statistical analysis of the migration potential of VSMCs transfected with miR-155-inhibitor. \*\*P\<0.01, vs. NC. VSMCs, vascular smooth muscle cells; DHA, docosahexaenoic acid; miR/miRNA, microRNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR; CCK-8, Cell Counting Kit-8.](MMR-22-04-3396-g01){#f2-mmr-22-04-3396}

![Restoration of the expression levels of microRNA-155 partially reverses the inhibition of VSMC proliferation and migration. VSMCs were transfected with miR-155-mimic before treatment with 50 µM DHA. Cells were divided into four groups: NC, DHA, microRNA-155-mimic and DHA + microRNA-155-mimic group. (A) Proliferation in each group was evaluated using a Cell Count Kit-8 assay. (B) Proliferation of each group was evaluated by measuring Ki-67 protein levels. (C) Densitometry analysis of the relative protein levels of Ki-67. (D) Migration of each group of cells was evaluated using a wound healing assay (magnification, ×100). (E) Statistical analysis of the migration potential in each group. \*\*P\<0.01 vs. NC. VSMCs, vascular smooth muscle cells; DHA, docosahexaenoic acid; NC, negative control.](MMR-22-04-3396-g02){#f3-mmr-22-04-3396}

![Socs1 is the target gene of microRNA-155. VSMCs were transfected with miR-155-mimic and inhibitor. Expression levels of Socs1 was analysed by RT-qPCR. (A) Expression level of Socs1 was decreased in miR-155-mimic-transfected cells, vs. NC. (B) Expression level of Socs1 was increased in miR-155-inhibitor-transfected cells, compared with NC. (C) Luciferase plasmid WT PGL3/Socs1-3′UTR was transfected, together with miR-155-mimic. Luciferase activity of WT PGL3/Socs1-3′UTR was significantly decreased. (D) Luciferase plasmid Mut PGL3/Socs1-3′UTR was transfected, together with miR-155-mimic. Luciferase activity of Mut PGL3/Socs1-3′UTR remained unchanged. VSMCs were treated with 50 µM DHA, and Socs1 expression levels were analysed by RT-qPCR and western blotting. (E) Expression levels of Socs1 were increased in the DHA-stimulated VSMCs, compared with NC. (F) Protein levels of Socs1 were increased in the DHA-stimulated VSMCs, compared with NC. (G) Gray analysis of the relative protein levels of Socs1. \*\*P\<0.01 compared with NC. VSMCs, vascular smooth muscle cells; DHA, docosahexaenoic acid; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR; WT, wild-type; Mut, mutant; miR, microRNA; Socs1, suppressor of cytokine signalling.](MMR-22-04-3396-g03){#f4-mmr-22-04-3396}
